Introduction

Definition
Degenerative shoulder (glenohumeral) osteoarthritis is characterized by degeneration of articular cartilage and subchondral bone with narrowing of the glenohumeral joint. It causes significant pain, functional limitation and disability with an estimated prevalence of between 4% and 26%. 1 
Shared decision-making
The General Medical Council's Good Medical Practice -Duties of a Doctor guide 2 clearly states in the section on working in partnership with patients that doctors should:
. Listen to patients and respond to their concerns and preferences. . Give patients the information they want or need in a way they can understand. . Respect patients' right to reach decisions with the doctor about their treatment and care. . Support patients in caring for themselves to improve and maintain their health.
This can only be achieved by direct consultation between the patient and their treating clinician. Decisions about treatment taken without such direct consultation between patient and treating clinician are not appropriate because they do not adhere to principles of good medical practice.
Continuity of care
Continuity and co-ordination of care are essential parts of the General Medical Council's Good Medical Practice guidance. 2 It is therefore inappropriate for a clinician to treat a patient if there is no clear commitment from that clinician or the healthcare provider to oversee the complete care pathway of that patient, including their diagnosis, treatment, follow-up and adverse event management.
Background
The prevalence of shoulder complaints in the UK is estimated to be 14%, with 1% to 2% of adults over the age of 45 years consulting their general practitioner annually regarding new-onset shoulder pain. 3 Shoulder osteoarthritis is the underlying cause of shoulder pain in 2% to 5% of this group, although few truly population-based studies have been conducted. 1, 4 Painful shoulders pose a substantial socio-economic burden. Disability of the shoulder can impair ability to work or perform household tasks and can result in time off work. 4, 5 Shoulder problems account for 2.4% of all general practitioner consultations in the UK and 4.5 million visits to physicians annually in the USA. 6, 7 There are a number of occupational risk factors that may be relevant in the development of shoulder pain but the available evidence is inconsistent and the associations are are not strong. 8 The annual financial burden of shoulder pain management has been estimated to be US$3 billion. 8 Glenohumeral arthritis: care pathway Aims of treatment
The overall treatment aim for shoulder osteoarthritis is to relieve pain and improve function. Treatment success needs to be defined individually with patients in a shared decision-making process.
Pre-primary care (at home)
For causes of glenohumeral shoulder pain, there is potential for simple patient self-management strategies and prevention strategies at home prior to the need for a general practitioner consultation, although research to develop and assess the impact of such strategies would be needed.
Primary care/community triage services
. Diagnosis is based on History and Examination (see Figure 1 , which gives guidance on treatment and referral). . Making the correct diagnosis is crucial, and will ensure an efficient and optimum treatment for the patient. . Plain radiographs of the shoulder are essential for confirming the diagnosis. True anteroposterior view (in scapular plane) and axillary view are recommended for this purpose. Specialist imaging such as magnetic resonance imaging (MRI) or computed tomography (CT) scans are not indicated for treatment of glenohumeral osteoarthritis in primary care.
Features of importance are;
. Hand dominance.
. Occupation and level of activity or sports.
. Location, radiation and onset of pain.
. Duration of symptoms.
. Global reduction in range of motion, especially severe loss of passive external rotation in the affected shoulder with arm by the side. . History of multiple joint involvement or systemic manifestations. . X-rays to confirm glenohumeral arthritis, avascular necrosis or dislocation of the shoulder, which produce a similar clinical picture. X-rays are essential if there is history of significant trauma.
Red flags for the shoulder
Acute severe shoulder pain needs proper and competent diagnosis. Any shoulder 'red flags' identified during primary care assessment needs urgent secondary care referral.
. A suspected infected joint needs same day urgent referral. . An unreduced dislocation needs same day urgent referral. . Suspected malignancy or tumour needs urgent referral following the local two-week cancer referral pathway. . Suspected inflammatory oligo or poly-arthritis or systemic inflammatory disease should be considered as a 'rheumatological red flag' and local rheumatology referral pathways should be followed.
Treatment in primary care and community triage services
. . Suprascapular nerve block can be performed by either by single or series of injections or by nerve ablation (percutaneous or arthroscopic) and is a purely pain relieving intervention. It is thought that the suprascapular nerve is sensory to the shoulder capsule and nerve block therefore reduces symptoms of pain. This intervention is not an alternative to shoulder replacement for definitive treatment of arthritis. . Biological glenoid resurfacing is a technique used particularly in younger patients. This can be in conjunction with a shoulder hemiarthroplasty in order to avoid the insertion of a glenoid component. The technique can also be performed arthroscopically. Described methods include the use of biological material, for example meniscal allograft or semi-synthetic material using typically human dermis or alternative xenografts as an interposition arthroplasty, glenoid microfracture or a glenoid reaming debridement technique. . Hemiarthroplasty, TSR and reverse shoulder replacement are arthroplasty procedures performed under general anaesthesia with or without regional anaesthesia. They may be stemmed, stemless or resurfacing and may be cemented, uncemented or a combination of both. Hemiarthroplasty addresses only the humeral arthritis. By contrast, TSR and reverse shoulder replacements address arthritis on both humeral and glenoid sides of the joint. TSR is used for patients with an intact rotator cuff, whereas reverse shoulder replacement is reserved for patients with cuff tear arthropathy or older patients with a torn or insufficient cuff. . It would be expected that surgical units performing surgery for shoulder osteoarthritis: Ensure patients undergo appropriate pre-operative assessment to ensure fitness for surgery and to confirm discharge planning Perform surgery in appropriately resourced and staffed units Have access to specialist anaesthesia services including availability of nerve blocks for postoperative pain relief Have radiology services available during the perioperative period Have arrangements for adequate postoperative physiotherapy and appropriate follow-up as clinically indicated Have suitable resources to manage surgical and medical complications 
Outcome metrics
For shoulder arthroplasty, details on patient demographics, shoulder pathology, arthroplasty type and patient-reported outcome measures (PROMs) are now entered onto the National Joint Registry.
. Length of stay.
. Re-admission rate within 90 days.
. PROM pre-procedure, and minimum 6 months post procedure. . Infection/other adverse events.
. Revision of prosthetic replacement. Patient/public/clinician information . Patient and public information: ensure all available information is provided regarding the benefits and risks of all treatment options. . Clinician information: ensure access to available evidence.
Research and audit
Evidence: shoulder osteoarthritis Evidence for effectiveness and cost effectiveness of non-invasive treatment
It is important to note that the evidence to support conservative treatments and the advantages between different treatments remains limited. Until evidence becomes available, clinical and shared decisionmaking on accessing available interventions is based on level of symptoms and functional restrictions is recommend.
Additionally, the effectiveness of many nonsurgical interventions has been investigated in terms of improvement in shoulder pain in relation to the entire spectrum of shoulder conditions. Therefore, despite not being proven to be effective in the management of shoulder arthritis specifically, such interventions as acupuncture or injections maybe effective in symptom control from arthritis as opposed to management of the disease process itself.
Oral drug treatment
There is strong evidence for the use of oral paracetamol given regularly to modify the pain caused osteoarthritis in general. 10 Paracetamol is safe and has a minimal adverse effect profile. Non-steroidal anti-inflammatory medications also have proven effectiveness in the management of osteoarthritis in general because they reduce pain associated with inflammation and synovitis, although they are not recommended as first-line medication as a result of a significant adverse effect profile. 11 Similarly, opiate-based analgesia, although shown to be effective for pain relief, is not recommended for longterm use due the adverse effect profile and the risk of dependence. 12 
Corticosteroid injections
There is no evidence to support the routine use of corticosteroid injections for the management of shoulder arthritis. 13 What evidence supporting the use of such agents comes from the literature relating to the treatment of knee osteoarthritis. However, as above, corticosteroid injections may have a short-term effect of up to 1 month, which could make them useful as a diagnostic aid when shoulder arthritis presents with concomitant pathology or for managing an acute exacerbation of pain as a result of inflammation within the joint.
Sodium hyaluronate injection
Blaine et al. 14 published a randomized controlled trial (RCT) comparing the use of weekly saline injections for five weeks with a series of three or five sodium hyaluronate injections for shoulder pain. Patients had multiple pathologies but, of the 660 patients enrolled in the study, 398 had osteoarthritis. The study found statistically significant improvement in visual analogue scale (VAS) scores at the 7 weeks and 26 weeks time points in patients with shoulder arthritis with/without rotator cuff tear. However, the maximum follow-up period was 26 weeks and thus no data are available with respect to the longer term. 14 Additionally, Merolla et al. 15 completed a retrospective cohort study comparing the outcome of two cohorts undergoing glenohumeral injection for shoulder arthritis. Forty-one and 51 patients had received corticosteroid therapy and hyaluronate therapy, respectively. Those patients in the hyaluronate group had statistically better VAS, Constant-Murley and Shoulder Pain and Disability Index (SPADI) scores in comparison to pre-intervention scores at time points 1 month, 3 months and 6 months. By contrast, patients in the corticosteroid group had no improvement 1 month post injection for any of the parameters. 15 
Autologous platelet preparations
There is no evidence to support the use of platelet gel or platelet-poor products in the management of shoulder arthritis. Again, evidence for the use of these products comes from the literature relating to the management of knee osteoarthritis, of which Level 1 evidence is present. 16 Clinical trials comparing the using of plateletrich plasma (PRP) preparations with hyaluronic acid preparations have shown superior outcome in terms of pain relief, reduction in stiffness and functional improvement in the PRP group, with a follow-up of up to 24 months. 17 It is considered that these agents allow tissue generation and growth through a process of inflammation, cell proliferation and remodeling.
This treatment method may be the focus of future research, with the development of well-designed clinical trials specific to the non-operative management of shoulder osteoarthritis.
Acupuncture
Lathia et al. 18 conducted a RCT looking at the role of acupuncture in the treatment of chronic shoulder pain. The groups included a control versus two different forms of acupuncture. The patients in the acupuncture groups had statistically significant improvement in SPADI scores. 18 However, the patients had a variety of pathologies (e.g. frozen shoulder, impingement syndrome and rotator cuff tears) and so the results cannot be extrapolated to recommend the use of acupuncture in shoulder arthritis.
Suprascapular nerve block or ablation
Several studies have demonstrated short-term benefit from suprascapular nerve block for a variety of shoulder conditions, including shoulder osteoarthritis, frozen shoulder, rheumatoid arthritis, rotator cuff tears. Most studies have demonstrated improvement of up to 12 weeks post intervention. In cases of arthritis, this may be diagnostic but, because the injection is relatively safe, this can be repeated if required. Although evidence for these interventions is limited to case series, there are several studies in the literature; therefore, suprascapular nerve modulation is useful in the management of shoulder symptoms, in the short-term in most cases. 19 Suprascapular nerve ablation is not indicated and should not be performed for glenohumeral osteoarthritis with an intact rotator cuff.
Evidence regarding the effectiveness of surgery
Arthroscopic debridement
Namdari et al. 20 conducted a literature review on the role of arthroscopic debridement in the management of shoulder arthritis. After exclusions, only five studies were deemed suitable for analysis all of which were appraised at level IV evidence. In total, 245 shoulders were included. Patients reported statistically significant improvement in range of motion from forward flexion of 136 and 36 external rotation to 159 and 58 , respectively. Functional outcome, satisfaction and pain scores used differed between series included in the review but had improved in all series included in the study. Thirteen percent of patients from all included series were 'converted' to a shoulder arthroplasty procedure at a mean of 13 months. 20 The study concluded that arthroscopic management does not have sufficient quality evidence to support its routine use. However, because of the short-term benefit of reduced pain and improved function, it maybe useful in a younger cohort of patient who are looking for joint-preserving options for advanced osteoarthritis of the glenohumeral joint. 21 
Shoulder (replacement) arthroplasty
Shoulder replacement surgery is an established and effective surgical treatment for glenohumeral arthritis. Hemiarthroplasty or TSR provides significant improvement in pain, global health assessment, function and quality-of-life scores, as demonstrated in the medical literature. [22] [23] [24] These benefits are comparable to other surgical treatments in orthopaedic surgery (e.g. total hip replacement and other interventions in medicine, generally including coronary artery bypass grafting). 25 Biological glenoid resurfacing with or without hemiarthroplasty Namdari et al. 26 performed a systematic review to critically examine the outcomes of biological glenoid resurfacing in the treatment of glenohumeral osteoarthritis. Seven level IV case series were included in the review: 128 patients underwent glenoid resurfacing with hemiarthroplasty and 52 patients underwent arthroscopic glenoid resurfacing, giving a total of 180 patients. The mean age was 46 years. Pre-operative indications for resurfacing were multiple and not limited to primary osteoarthritis. There were no control groups in any of the studies chosen. Patients were followed up for a mean of 46.6 months. Outcome measures reported were multiple with no uniformity amongst studies. Statistically significant improvements were found in most outcome measures evaluated postoperatively, which indicated that resurfacing can be successful in the short term; however, little evidence exists with respect to the long-term results. The overall complication rate was 13.3% and the reoperation rate was 26%, which is higher than reported values for other treatment options. It is suggested that biological glenoid resurfacing could be a good alternative treatment for young patients with glenohumeral arthritis because it avoids many of the concerns associated with TSR in that age group. It was found that, as a result of the quality of the primary studies and inconsistencies in reporting outcomes, it is not possible to draw meaningful conclusions to confirm or refute this. None of the studies evaluated compared resurfacing to other treatments. Many patients had already undergone at least one previous shoulder surgery prior to resurfacing and it is not clear what influence this may have on outcome, complications and reoperation rates. All studies lacked the power to define outcomes based on individual aetiologies for resurfacing. 26 Additional case series focusing on biological resurfacing have consistently produced unsatisfactory longerterms results, using a variety of materials including dermal and meniscal allografts. Puskas et al. 27 reported an 83% revision rate with dermal allograft at a mean of 16 months. In the meniscal group, the revision rate was 60% at 22 months. Similarly Hammond et al. 28 compared the results of two cohorts of patients, one having undergone hemiarthroplasty and the second hemiarthroplasty with biological resurfacing. The revision rates were 26% and 60%, respectively.
Current evidence does not support the use of biological glenoid resurfacing using interposition arthroplasty for shoulder osteoarthritis, with or without the use of hemiarthroplasty.
Microfracture of the glenoid and humerus have demonstrated improvement in pain and function for focal cartilage defects. 29 The greatest improvement was in small defects on the humeral side, with less benefit for lesions on both sides of the glenohumeral articulation. Microfracture replaces normal articular cartilage with fibrocartilage, as demonstrated by studies in the knee. Although there is evidence to support microfracture, there is currently no evidence supporting glenoid microfracture in conjunction with hemiarthroplasty. 30 Reaming techniques of the glenoid in younger patients of less than 55 years of age have demonstrated improvements in pain and function when utilized with hemiarthroplasty. Concentric reaming at described by Saltzman et al. 31 in 65 patients showed improvement in pain and function. Similarly, Clinton et al. 32 published a case-control study with 35 patients comparing a 'ream and run' technique with TSR, demonstrating similar improvement in pain and function in both patient groups.
Humeral head resurfacing arthroplasty
Humeral head resurfacing has been shown in multiple case series to reduce pain and improve function in patients with osteoarthritis of the glenohumeral joint. Maximum follow-up in these series extends to a mean of 28 years (21 years to 40 years). 33 Although glenoid access may be difficult to achieve without humeral head removal, TSR and hemiarthroplasty have been reported using resurfacing in osteoarthritis, with similar results reported at 7 years in a population group with a mean age of 72 years. 34 . In the longer term, glenoid erosion, as with other forms of hemiarthroplasty (stemmed and stemless), may be seen and has been reported in 12% of cases at 4 years radiologically. 35 The cumulative 5-year revision rates following humeral resurfacing from the Australian 36 and Danish arthroplasty registers 37 have been reported as 11.2% and 9.9%, respectively. The Danish report, however, makes the observation: 'The difference in the rate of revision between resurfacing hemiarthroplasty and stemmed hemiarthroplasty may also be influenced by the fact that the resurfacing procedure can be more easily revised than other designs of arthroplasty. This will thus favour other designs when the rates of revision are compared'.
Resurfacing has been recommended particularly in younger patients to preserve bone stock where implanting a polyethylene glenoid prosthesis with potential wear and failure needs to be weighed against the potential long-term risk of glenoid erosion sometimes seen in hemiarthroplasty. [33] [34] [35] 38 
Stemless shoulder arthroplasty
Stemless shoulder replacement is the latest development to combat potential stem related problems in shoulder arthroplasty. The concept allows the resection of the humeral head to facilitate glenoid exposure to insert a glenoid prosthesis to perform a TSR, which is more technically demanding in conventional surface replacement arthroplasty.
The number of stemless implants reported in the literature is small and follow-up remains limited. All but one published case series available quote less than 4 years of mean follow-up, for both hemiarthroplasty 39 and TSR. [39] [40] [41] One report describes 39 patients treated for osteoarthritis with a mean follow-up of 68 months showing similar results achieved using hemiarthroplasty and TSR. 42 In the short and medium term, the results reported for stemless arthroplasty appear to be comparable to conventional stemmed arthroplasty surgery. 40, 42 Hemiarthroplasty versus anatomical TSR Most of the literature on surgical interventions focuses on the debate about TSR versus resurfacing or stemmed hemiarthroplasty. Although the studies so far report consistent improvements in patient qualityof-life and shoulder function following shoulder replacement, well-designed studies are required to determine which implant provides most benefit in specific types of pathology. The conclusions drawn by the current literature should therefore be interpreted with a degree of caution.
Fevang et al. 43 reported the outcomes of patients treated with shoulder arthroplasty using data from the Norwegian arthroplasty register. They observed significantly better functional and quality-of-life outcomes in patients with osteoarthritis of the glenohumeral joint treated with TSR compared to either stemmed or resurfacing hemiarthroplasty. A shortcoming of their study was the response rate of 65%. There is also no information provided concerning the state of the rotator cuff in these patient groups.
Rasmussen et al. 44 compared the patient-reported outcomes and revision rates of humeral resurfacing with stemmed hemiarthroplasty and TSR using data from the Danish shoulder arthroplasty register. They found that patients treated with TSR had a better Western Ontario Osteoarthritis Index score at 1 year compared to humeral resurfacing and stemmed hemiarthroplasty. There was no difference in the revision rate between the groups.
Gartsman et al. 45 randomized 51 shoulders to stemmed hemiarthroplasty or TSR for osteoarthritis of the glenohumeral joint and reported the results in 2000 at a mean of 35 months follow-up. There was no difference in the University of California, Los Angeles (UCLA) outcome scores, although the TSR group achieved significantly better pain relief and internal rotation compared to the hemiarthroplasty group. Furthermore, during the follow-up period, three of 24 patients in the hemiarthroplasty group required revision with glenoid resurfacing for progressive and painful glenoid erosion, whereas there were no revisions in the TSR group.
Edwards et al. 46 reported a multi-centre study comparing 601 TSRs with 89 stemmed hemiarthroplasties. The study compared constant score, active forward elevation and external rotation in patients with a minimum follow-up of 2 years. It was found that the functional outcome measures in those undergoing TSR were significantly better than those undergoing hemiarthroplasty. There was no significant difference in pain scores between the two groups. However, a substantially higher revision rate was reported in the TSR group, which was explained by the use of metal-backed glenoid components in 238 patients. The overall revision rate at 7 years was 30% in the TSR group versus 4% in the hemiarthroplasty group.
Radnay et al. 47 performed a systematic review and meta-analysis of 23 studies, including that of Gartsman et al. 45 , totalling 1952 patients, evaluating TSR and stemmed hemiarthroplasty. The findings showed that, compared with hemiarthroplasty, TSR provided statistically significant improvement in pain relief, forward elevation, external rotation and patient satisfaction. Revision rates were reported as 10.2% for hemiarthroplasties as opposed to 6.5% for TSR. Some 8.1% of Hemiarthroplasties required conversion to TSR as a result of pain, suggesting the glenoid progressively erodes over time resulting in worsening outcomes. In TSR, the type of glenoid component employed appeared to have an impact on revision rates with 6.8% of TSRs with metal backed glenoids requiring revision compared to 1.7% of TSRs with all-polyethylene glenoids. However, a low level of evidence was noted for the majority of studies evaluated (mean level of evidence 3.73) and therefore caution is advised with respect to any conclusions drawn.
Lo et al. 23 performed a prospective trial with 42 patients randomized to receive either TSR or stemmed hemiarthroplasty. The patients were followed up for 2 years and assessed using a number of validated shoulder scores, as well as a pain score. Significant improvements were found in all domains for both patient groups, although there was no statistical difference between TSR and hemiarthroplasty groups. Of the 20 patients randomized to hemiarthroplasty, three patients had persistent pain from glenoid arthrosis and two of these were revised to a TSR, whereas the third patient was considering revision within the 2-year follow-up period. The shortcomings of the trial are low patient numbers and follow-up length.
Bryant et al. 48 performed a systematic review in 2005 and meta-analysis of four studies, including both those of Gartsman et al. 45 and Lo et al. 23 , totalling 112 patients. Their finding were similar to those of Radnay et al. 47 TSR showed a significantly better improvement over stemmed hemiarthroplasty in the UCLA shoulder score, pain score and forward elevation. It is noted that all of the studies included in the review had design weaknesses and thus any conclusions drawn should be considered with caution.
Sandow et al. 49 , when reporting on the results of a randomized study comparing stemmed hemiarthroplasty with TSR in patients with osteoarthritis of the glenohumeral joint with an intact rotator cuff at a minimum follow-up of 10 years, observed that patients in the TSR group had less pain and better function at 2 years and there was no substantial deterioration in function at 10 years. Furthermore, none of the hemiarthroplasty patients were pain-free at 10 years, whereas approximately half the TSR patients were pain-free. The revision rate in the hemiarthroplasty group was 31% compared to 10% for the TSR group and revision of hemiarthroplasty to TSR was challenging as a result of glenoid erosion.
Singh et al. 50 performed a Cochrane review on surgery for shoulder osteoarthritis. They included seven studies with 238 patients who were RCTs/quasi-RCTs. Their reported findings were that TSR provided significantly better American Shoulder and Elbow Society (ASES) functional scores than stemmed hemiarthroplasty. Pain and quality-of-life scores were, however, not significantly different. It should be noted that this assumption was based on the results from only one paper of the seven reviewed. Equally, revision rates were found to be higher with hemiarthroplasty based on the findings of one paper.
Izquierdo et al. 22 provided an American Academy of Orthopaedic Surgeons guideline based on a thorough literature search. The quality of scientific data found on interventions for glenohumeral osteoarthritis was noted to be poor. Nineteen suitable studies were found, which were used to formulate recommendations. Many interventions commonly used in clinical practice were found not to have any evidence of suitable quality to afford recommendation. Weak and moderate evidence was found to support the use of surgery. Weak evidence supported the use of TSR and stemmed hemiarthroplasty. Moderate evidence was found to suggest that TSR is preferable to stemmed hemiarthroplasty in terms of improvement in global health assessment score and pain scores; however, functional and quality-of-life outcomes were no different.
Cemented versus uncemented stems in TSR
Lichfield et al. 51 performed a double-blind RCT across seven tertiary centres in Canada to evaluate cemented versus uncemented humeral components. In total, 161 patients were randomized intra-operatively to receive either cemented humeral stem or uncemented press fit stem. The implant used was the same and patients were followed up for 2 years. The study showed that the group receiving a cemented stem had a significantly better Western Ontario Osteoarthritis Shoulder index score. Two other outcome measures used did not detect any difference (McMaster-Toronto Arthritis Patient Preference Disability Questionnaire; ASES). Range of motion and strength improvement were similar for both groups. Baseline epidemiological data were well matched, apart from the sex ratios of the two groups, with more males in the cemented group and more females in the uncemented group. It was suggested that the perceived benefits found in the cemented group may be sex-specific towards males. It is of note that only one TSR went on to revision.
Revision rates for TSR
Singh et al. 52 used the Mayo Clinic Total Joint Registry to conduct a study on revision surgery following TSR. A total of 2588 joints were analyzed between 1976 and 2008 with up to a 20-year follow-up. The study included TSR performed for a number of diagnoses; thus, it is difficult to extract data pertaining solely to TSR performed for osteoarthritis. Osteoarthritis was the underlying diagnosis for 1640 joints of which 114 underwent revision over the 20-year period. This equates to 81% of TSRs surviving 20 years. It is not possible from the study to define risk factors for the osteoarthritis group; however, it was generally found that male sex, underlying rotator cuff disease and tumour where associated with increased risk of revision. Body mass index and comorbidity were not found to increase revision risk. 
Summary
The scope of this Patient Care Pathway has been to summarize the evidence on the management of primary glenohumeral osteoarthritis. Other aetiologies of shoulder arthritis include inflammatory, avascular necrosis, cuff failure and sequelae of trauma. A comprehensive review of the evidence in relation to these aetiologies is beyond the scope of the present article but is likely to be the focus of future evidence-based care pathways.
